Not only in acetonitrile (MeCN) but also in primary alcohols (from methanol to 1-hexanol), the 
would not re-dissolve even in the presence of large excess amounts of the metal ions in MeCN.
Between In 3+ and L 3- , both precipitation and successive re-dissolution reactions can occur in all the primary alcohols. The solubility products (pK sp ) and "reverse" coordination constants with L 3-(log K 4(1+) , log K 2(2+) , and log K 2(3+) for alkali metal, alkaline earth metal, and indium ions, respectively) have been evaluated in MeCN, the primary alcohols, and binary solvents of 
Introduction
The coordination chemistry of groups 1 and 2 metal compounds with organic ligands in the widest sense has been, until relatively recently, largely unknown compared to transition metal coordination networks [1] , even though those metals play vital roles in biological system and pharmaceutics [2] . Owing to lack of partly filled d-or f-shells, the complexing abilities of alkali metal and alkaline earth metal ions are much weaker than that of transition metal ions [3] .
In aprotic solvents such as acetonitrile (MeCN), the specific coordination reactions between alkali metal or alkaline earth metal ions with some simple ions such as halides (Cl -, Br -) [4, 5] , tropolonate [6] , sulfonates, and carboxylates [7] have been demonstrated by means of various analytical methods. With the increasing concentration of M + (an alkali metal ion), the specific reaction may proceed in three steps: at first, a half equivalence or less than that amount of M Fuoss and Kraus [9] have introduced the concept of triple ion between free ions and triple ions in the solvents of low permittivity (ε r < 10 or 23.2). According to their calculation, the triple ions based on the pure Coulombic interaction become unstable for ε r > 23.2 under certain conditions.
The theory for triple ion has been developing for half a century [10] . Another view [11] have been given on these associations by coordination chemistry: the introduction of multiple hydrogen-bonding sites along with the resulting topological considerations in anion receptors leads to the concept of double valence for anions as well as for transition-metal ions. For anions, the primary valence is the negative charge on the anion and the secondary valence is provided by hydrogen bonds to the anion. In previous papers [12, 13] , we have regarded the "triple cation" as the "reverse" coordinated species. The coordination bonding forces as well as coulombic forces should contribute to the interaction between Li + and halide (Cl iso-permittivity binary mixed solvents between THF and 2-ethyl-1-hexanol [14] .
In low permittivity media (ε r < 10), triple ions may be produced by electrostatic interaction [9] .
Indeed, we have verified that higher ion aggregation including triple ions could take place in higher permittivity media (20 < ε r < 65) of poor solvation abilities [15] . [22] , as the positive electrode material for the Li-ion battery have been reported in recent years. Oshovsky et al. [23] developed a novel method for constructing a supramolecular capsules based on triple ion (pyridinium-anion-pyridinium) interactions in methanol and water. The specific coordination reactions between alkali metal or alkaline earth metal ions and anions have been utilized for the color development or changes of indicators or dyes of sulfonic [24] and carboxylic [25] [26] [27] types.
Organosulfonates are widely used as surfactants and dyes, and are an important class of oxygen donor ligands toward alkali metal and alkaline earth metal ions [1] . Previously [7, 16] , the specific complexing behavior of alkali metal or alkaline earth metal ions with p-toluenesulfonate and 1,5-naphthalenedisulfonate ions has been thoroughly investigated in MeCN, alcohols, and binary solvents of MeCN-H 2 O and MeCN-alcohols. Naphthalenetrisulfonate is commonly used as a chemical function of Suramin and Suradistas [28] .
As an extension of the studies, in the present work, we examine the coordination behavior between alkali metal, alkaline earth metal, and indium ions with the 1,3,6-naphthalenetrisulfonate ion by means of UV spectroscopy. As the solvents, MeCN and primary alcohols (methanol, ethanol, 1-propanol, 1-butanol, and 1-hexanol) are used. Meanwhile, the effects of added water and methanol on the coordination behavior in MeCN are also examined. to complete the precipitation reaction.
Experimental section

Chemicals
Evaluation of "reverse" coordination formation constants
The evaluation of "reverse" coordination formation constants between alkaline earth metal (M 2+ ) and 1,3,6-naphthalenetrisulfonate (L 3-) ions has been already described in the previous paper [16] . The solubility products and "reverse" coordination constants between an alkali metal (M + ) or the indium (M 3+ ) ion and L 3-are evaluated as follows:
(a) Alkali metal ions [reaction between (1+) and (3-)]
The solubility product, K sp , and the "reverse" coordination constant, K 4(1+) , at higher M + concentrations, compared to L 3- , are expressed by Eqs. 1 and 2, respectively.
The solubility s of M 3 L or the total "ligand" concentration, c t , in solution (not in precipitation) is expressed by Eq. 3.
The observed absorbance A bs of L 3-(and M 4 L + ) can be rationalized by Lambert-Beer's law as Eq. 4.
Where ε, c, and l are the molar absorptivity (cm
, the concentration (mol dm -3 ), and the path-length (cm), respectively. Eq. 5 is given by introducing Eq. 3 into Eq. 4.
Eq . 
The total "ligand" concentration, c t , in solution is
The observed absorbance A bs is expressed as
Eq. 9 can be arranged to be
] with higher M 3+ concentrations and larger K 2(3+) values. The precipitation and successive re-dissolution reactions between Li + and L 3-in MeCN can be illustrated by Scheme 1. The precipitates of a lithium mono-sulfonate salt (benzenesulfonate [32] or p-toluenesulfonate [7] ) have been re-dissolved completely by the addition of more than 0.1 mol dm -3 LiClO 4 in MeCN. However, the precipitates of dilithium 1,5-naphthalenedisulfonate have never been re-dissolved in the presence of even 1.0 mol dm -3 LiClO 4 [7] . DFT calculations have been performed to predict the coordinating structures of Li 4 L + in MeCN (cf. the final section 3.6).
Results and discussion
Coordination ability of alkali metal ions (Li
The 1,3,6,6-derivative is shown tentatively in Scheme 1. complete precipitation. However, the precipitates of Na 3 L would not be re-dissolved by the addition of a large excess concentrations of Na + (Fig. 2) . Smaller ions are apt to coordinate more strongly due to stronger electrostatic interactions, according to the concept of hard and soft acids and bases (HSAB) [33] . In the primary alcohols of relatively high donicity and acceptivity, the specific interactions between Li + or Na + and L 3-are also examined, and the solubility products (pK sp ) and "reverse" coordination constants (log K 4(1+) ) in MeCN and primary alcohols are listed in Table 1 . Neither precipitation nor re-dissolution between Li + and L 3-is found in all the primary alcohols (from MeOH to 1-HexOH). Between Na + and L 3- , however, the precipitation reaction can take place in 1-PrOH, 1-BuOH, and 1-HexOH (Fig. 3) , while no apparent reaction in MeOH and EtOH. In 1-PrOH, incomplete precipitation occurs in the presence of more than 1.0 × 10 -3 mol dm -3 Na
Considering that the donor number of 1-PrOH (DN = 27) [16] is close to that of EtOH (DN = 27.8)
[31b], and that the permittivity of 1-PrOH (ε r = 20.45) [30] is smaller than EtOH (ε r = 24.55) [30] , the stronger Coulombic interaction in 1-PrOH than EtOH may result in the precipitation between the ions. The precipitation of Na 3 L takes place to a larger extent in 1-BuOH and 1-HexOH than in 1-PrOH, and the values of solubility products, pK sp , are 10.4, 13.9, and 14.0 in 1-PrOH, 1-BuOH, and 1-HexOH, respectively (cf. Table 1 ).
All the alcohols are amphiprotic solvents and have rather strong solvation ability toward anions and cations. However, the permittivties of 1-BuOH and 1-HexOH are relatively small, i.e.,
17.51 and 13.3, respectively [30] . Therefore, we have to consider the incompleteness of the dissociation of NaClO 4 . 
The influences of H 2 O or MeOH on the precipitation and re-dissolution reactions between alkali metal ions and L 3-in MeCN
Ion association and solvation behavior of different electrolytes have been studied extensively in mixed solvents [34] . The studies of excess functions of binary mixtures are of considerable importance in understanding organic reaction mechanism [35] and the nature of molecular interaction [36] . 
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The precipitation reaction Na 3 L of is not influenced so much by small amounts of the added water (1.0 -2.0%). However, 5.0% H 2 O causes incomplete precipitation (cf. The properties of residual (or small amount of) water in organic solvents have been discussed previously [7, 16] . Now that the "residual" water molecules in an organic solvent are isolated each other and cannot form the huge network through hydrogen bonding, its role in the non-aqueous solvent must be similar to diethyl ether [37, 38] . The complete precipitation occurs also between Ca 2+ or Ba 2+ and L 3- (Fig. 7) , and the solubility In primary alcohols, as shown in Fig. 8 
The influences of H 2 O or MeOH on the precipitation and re-dissolution between alkaline earth metal ions and L 3-in MeCN
Fig . 9 shows the influences of added water on the precipitation and the successive Table 3 . The larger MeOH content of 10% gives almost no effect on the precipitation. Even with addition of 20% MeOH, the precipitate occurs completely and the re-dissolution of the precipitation is slightly promoted. With 40% MeOH, the precipitation reaction become weaker, and the re-dissolution is much promoted (cf. . However, the precipitation and re-dissolution behavior was rather complicated. (Fig. 13) . The absorbance minimum appears in a wide range from The specific interaction between In 3+ and L 3-can take place in all the primary alcohols ( Fig.   14) . At first, the L 
Computational prediction of the structures of Li 4 L + in MeCN
For predicting the coordinating structures of Li 4 L + in Scheme 1, we performed geometry optimization using GAMESS program package [46] . All geometries were optimized with the density functional theory (DFT) employing the long-range corrected BOP (LC-BOP)
exchange-correlation functional [47] . The aug-cc-pVDZ basis sets [48] was adopted for oxygen atoms, while the cc-pVDZ set [48] was used for the other atoms. In the present paper, the acetonitrile solvent was taken into consideration by the conductor-like polalizable continuum model (C-PCM) [49] with the solvation model density (SMD) [50] . were slightly longer than those coordinated by one Li + ion (1.52-1.53 Å), though these S-O lengths were significantly elongated from those at free sulfonate (1.48 Å). Table 5 
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